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Cognitive impairment in 
adults with Down's syndrome: 

Similarities to early cognitive changes 
in Alzheimer's disease 

KL. Brugge, MD; S.L. Nichols, PhD; D.P. Salmon, PhD; L.R. Hill, PhD; 
D.C. Delis, PhD;L. Aaron; and D .A. Trauner, MD 



Article abstract — Postmortem studies of brains from adults with Down's syndrome (DS) reveal a dramatic age-de- 
pendent increase in the incidence of neuropathology associated with Alzheimer's disease (AD). By the age of 40 years, 
virtually all DS individuals have AD neuropathology. Documentation of cognitive correlates of this phenomenon has 
been difficult, partly because of the preexisting mental retardation in DS. In the current study, we compared a group of 
adults with DS, 22 to 51 years old, with a matched control group on various behavioral measures such as savings 
scores, which are known to be sensitive in detecting early dementia in AD patients. By using the short delayed savings 
score from the California Verbal Learning Test (a test of verbal memory), a subgroup of DS adults was identified as 
memory-impaired. This group demonstrated a decline in performance on various other cognitive tests with advancing 
age, whereas another group identified as having non-memory-impaired DS, and the non-DS controls, showed no evi- 
dence of decline with age. These results provide evidence for the presence of early dementia among adults with DS 
within an age range in which neuropathology manifestations of AD are predicted to be developing. 

NEUROLOGY 1994;44:232-238 



Down's syndrome (DS) is a genetic disorder involv- 
ing an excess of chromosome 21 (trisomy 21 in ap- 
proximately 96% of the cases), and those with DS 
constitute approximately 15% of the population with 
mental retardation. 1 Several investigators reported 
a discrepancy between the presence of neuropatho- 
logic hallmarks 2 of Alzheimer's disease (AD) and de- 
mentia 3 - 4 in DS. Based on results of postmortem 
studies, almost all individuals with DS have neu- 
rofibrillary tangles and neuritic plaques (changes as- 
sociated with AD in nonretarded individuals) pres- 
ent in their brains by age 40 years. However, previ- 
ous studies 3 " 10 identified dementia among only some 



DS subjects over 40 years old. In many of these stud- 
ies, DS subjects defined as demented were compared 
with a group of DS subjects of similar age who may 
also have been exhibiting early changes of dementia 
not detected by the measures employed. Further- 
more, the presence of preexisting mental retardation 
in most individuals with DS presents a challenge in 
the detection of dementia in this population. 

The potential cognitive changes associated with 
dementia of the Alzheimer type (DAT) in DS are 
not well characterized nor have sensitive markers 
detecting early dementia been identified. Measures 
of memory function, particularly delayed recall or 
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measures of the percent of memory retention over 
time (referred to as "savings scores") are sensitive 
and fairly specific in the detection of early DAT 
among the non-DS population. 11-15 Welsh et al 13 ' 14 
reported the savings score from the CERAD neu- 
ropsychological test battery to be the second best 
variable in discriminating between AD patients 
with mild DAT and nondemented age-matched con- 
trols, using various tests of memory and language 
(ie, the Boston Naming Test [BNT] and Category 
Fluency) and a test of constructional praxis. De- 
layed recall was the best detector of mild DAT in 
the study of Welsh et al. However, these investiga- 
tors excluded from the statistical analysis data 
from subjects who recalled fewer than two items on 
short delay. Other investigators, 12 who did not em- 
ploy this exclusionary criterion and obtained sav- 
ings scores using the Logical Memory and Visual 
Reproduction subtests of the Wechsler Memory 
Scale-Revised (WMS-R), reported the savings score 
as the most sensitive and specific marker for early 
DAT. Intrusion errors or false positives that reflect 
other subtle aspects of memory function are re- 
ported to occur in the later stages of DAT. 13 ' 16 

Children 16 or adults with DS, 17 when compared 
with control subjects of similar age and overall in- 
telligence, show greater impairment in specific ver- 
bal tasks. Such impairment in nonmemory verbal 
performance may precede the onset of dementia in 
DS; therefore, nonmemory language tests such as 
Category Fluency and the BNT, which reveal im- 
pairments particularly in the advanced stages of 
DAT in AD patients, 14 may not be sensitive in de- 
tecting early dementia among DS adults. 

The purpose of the present study was to deter- 
mine whether cognitive impairments associated 
with early dementia in DS adults could be detected 
by measures that are sensitive in detecting demen- 
tia in AD patients. Since the DS subjects of the pres- 
ent study were within the age range in which the 
age-dependent increase of AD neuropathology in 
DS is known to be the greatest, 2 an age-dependent 
decline of memory function reflected by the savings 
score or delayed recall is predicted to exist among 
the DS but not the control subjects. 

Methods. Subjects. Seventeen subjects with DS and 
seven age-matched, mentally retarded controls partici- 
pated in the study. All subjects resided in two group 
homes in southern California. The mean age of the DS 
group, 31.1 ± 2.9 years (range, 22 to 51), was not signifi- 
cantly different from that of the seven controls, 28.9 ± 
2.8 years (range, 22 to 46). The control subjects were also 
not significantly different from the DS group in mean 
Full Scale Intelligence Quotient (60.9 ± 2.8 for controls 
and 55.3 ± 1.6 for DS subjects), Performance IQ (controls, 
64.9 ± 1.2; DS, 61.4 ± 1.5), or Verbal IQ (controls, 60.9 ± 
2.9; DS, 55.5 ± 1.4) of the Wechsler Adult Intelligence 
Scale-Revised (WAIS-R). 18 All subjects had a . complete 
physical evaluation, including neurologic and psychiatric 
examinations, and medical histories wer obtained. None 
of the subjects had active major medical disorders (such 
as heart disease, infections, lung disease, liver disease, 



kidn y disease, or diab tes) ther than the neurologic 
condition r suiting in moderate mental retardation. The 
diagnos s of th m ntally retarded controls included hy- 
drocephalus with a normal-pressure shunt, translocation 
of chromosomes 5/X r chr m somes 19/20, micro- 
cephaly, c rebral palsy, and unknown etiologies of men- 
tal retardation. All were ambulatory and active in day- 
time workshops or employment programs. Routine labo- 
ratory blood tests on each subject included CBC, BUN, 
creatinine, glucose, platelets, and chemistry profile and 
were within normal limits in all subjects. Since DS is as- 
sociated with a high incidence of hypothyroidism, blood 
thyroxine and T 3 RU levels were obtained. Although four 
DS subjects were taking thyroxine, all subjects showed 
thyroxine and T 3 RU levels within the normal range. One 
DS subject and four controls were taking anticonvulsant 
medication. However, each of these had had their most 
recent seizure more than 1 month prior to the time of 
study, and most of them had had their last seizure sev- 
eral years prior to the study. Four of the seven control 
subjects were receiving a low dose of psychotropic m di- 
cation such as 1 mg of haloperidol (orally) daily or a tri- 
cyclic antidepressant, and three were on medroxyproges- 
terone or primidone. Five DS subjects and three controls 
were taking daily vitamins, typically multivitamins. Sub- 
jects taking these various medications performed within 
two standard deviations of their respective group means 
on all neuropsychological test variables. All subj cts 
were nonsmokers and on a similar diet, provided in th 
group home. None was obese. 

Neuropsychological testing. All subjects were adminis- 
tered the following battery of neuropsychological tests: 
WAIS-R, 18 Logical Memory and Visual Reproduction sub- 
tests of the WMS-R, 19 California Verbal Learning T st- 
children's version (CVLT-C), 20 BNT, 21 Peabody Picture 
Vocabulary Test-Revised (PPVT-R), 22 Memory for S n- 
tences (Memsent) and Memory for Objects from the Stan- 
ford-Binet Intelligence Scale, fourth edition, 23 Letter 
(Controlled Oral Word Association Test) and Category 
(Animals) Fluency tests, 24 Beery Developmental T st of 
Visual-Motor Integration, 25 Opposites subtest of the Mc- 
Carthy Scales of Children's Abilities, 26 and Finger Tap- 
ping for the dominant (Tap Dom) and nondominant (Tap 
NonDom) hands from the Halstead-Reitan Battery. 27 The 
difference between the dominant and nondominant hand 
on Finger Tapping (DifferTap) was also obtained. The 
number of intrusion errors during generation of words 
starting with the letters a F, w a A," or a S n on the Letter 
Fluency test was recorded and referred to as "FAS intru- 
sions. 0 The data on some subtests from one of th seven 
controls and one DS subject were missing or excluded 
due to the subject's unwillingness to respond. 

TheXogical Memory subtest from the WMS-R as- 
sessed immediate (I) and delayed (30-minute delay; II) re- 
call of two paragraphs, A and B (Logical Memory LA and 
IB and Logical Memory EIA and IIB). A savings scor for 
Logical Memory (expressed as percentage) was obtained 
with the following formula: Logical M mory 
DA + HB/Logical Memory IA + IB multiplied by 100. The 
Visual Reproducti n subtest assess d immediate (VRIAD) 
and delayed (30-minute delay; VRIIAD) recall of four de- 
signs (designs A through D). A savings score for Visual 
Reproduction (expressed as percentage) was obtained by 
calculating the f 11 wing: VRIIAD/VRIAD x 100. 

The children's v rsi n f the CVLT was ch sen to 
av id the floor ff ct that might be obtained with the 
adult versi n. Sine this test is not widely used, we pro- 
vide a description. The CVLT-C is a verbal list-learning 
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task that provides m asures of several aspects f learn- 
ing and memory. On each of five trials, 15 words Gist A) 
were presented rally at the rate of n w rd per second, 
and immediate fr e recall fth w rds was elicited. A 
second list (list B) was presented f r one trial immedi- 
ately after trial 5. Following the list B trial, the subject 
was asked to again recall the items of list A (short de- 
layed free recall) and th n to r call th words from list A 
with semantic cues provided (short delayed cued recall). 
After a 20-minute interval during which unrelated non- 
verbal tests were administered, the subjects were given 
free recall and category-cued recall trials (long delayed 
free recall and long delayed cued recall, respectively) and 
a recognition test of list A. The yes/no recognition test 
consisted of 30 distractor items intermixed with the 15 
items of list A. The number of false-positive responses on 
th recognition test and the number of intrusions over all 
test trials were recorded. Savings scores for short and 
long delayed recall (expressed as percentages) were ob- 
tained by dividing short delayed free or long delayed free 
recall, respectively, by trial 5 recall multiplied by 100. 

Statistical analysis. A stepwise logistic regression 
analysis comparing the DS and control subjects was per- 
formed with measures known to be sensitive to cognitive 
impairment in the early stages of Alzheimer's disease 
(hereafter referred to as "Alzheimer-related variables"). 
Stepwise logistic regression serves the same purpose as 
stepwise discriminant analysis in that it uses explana- 
tory variables to determine to which of two groups (DS or 
control) each individual in the population belongs. The 
major difference is that, unlike discriminant analysis, lo- 
gistic regression does not assume that the explanatory 
variables are normally distributed within each group. 
Since this assumption was obviously violated for several 
of the variables we were considering, we chose logistic re- 
gression as the better technique to use. The variables in- 
cluded in this analysis were Logical Memory IIA and IIB; 
VRIAD, VBJIAD, and the Visual Reproduction savings 
score from the WMS-R; false positives; intrusions on 
short cued recall and long cued recall; short and long de- 
layed savings scores and trials 1-5 recall from the CVLT-C; 
FAS intrusions from the Letter Fluency test; and the 
score from the BNT. The Logical Memory savings score 
was not included in this analysis since several subjects 
received a score of zero on the Logical Memory immedi- 
ate recall condition. Short and long free recalls of the 
CVLT-C were not included among the Alzheimer-related 
variables due to a floor effect of these variables among 
the DS subjects (raw mean scores of the DS subjects 
w re 34 ± 1.0 and 4.2 ± 1.2; the raw mean scores of the 
control subjects were 6.2 ± 0.8 and 5.0 ± 1.4). 

The stepwise logistic regression model was designed 
to determine which of the above variables best discrimi- 
nates between DS and control subjects. The procedure 
considered all the Alzheimer-related variables and en- 
tered the best discriminating variable first in the model. 
Subsequently, the model entered the second variable 
with the greatest additional discriminating power (while 
considering all the Alzheimer-related variables) in the 
presence of the first variable. Due to an insufficient num- 
ber of subjects, the third best discriminating variable 
could not be entered in the model. Since this analysis 
could not provide reliable group differenc s beyond the 
two best discriminating variabl s, separate t tests were 
performed to compare the performance of the DS and 
control groups on each of the Alzheim r-related vari- 
ables. Statistical analysis on all psychometric variables 
in the present study was perform d n raw scor s. Since 



the DS subjects were predicted to show a greater impair- 
ment of performance compared with controls, the level of 
significance for a one-tailed test is reported. 

Results. Comparisons of the DS and control groups 
on Alzheimer-related variables. Despite equivalent 
levels of general intellectual ability, DS subjects 
were significantly more impaired than the mentally 
retarded control subjects on the following 
Alzheimer-related variables: short delayed savings 
score (p < 0.001), long delayed savings score (p < 
0.01), false positives (p < 0.025), BNT (p < 0.025), 
VRIAD (p < 0.05), and intrusion short and long cued 
(p < 0.05 for both measures). Using the Bonferroni 
correction (a criterion of p < 0.001 to be significant), 
the short delayed savings score was the only 
Alzheimer-related variable to show a significantly 
greater impairment in the DS group. With the Bon- 
ferroni correction, other variables showed trends for 
greater impairment in DS compared with controls. 
Short and long free recall failed to show significant 
differences between the DS and control groups due 
to floor effects. The DS group also showed signifi- 
cantly greater impairment than did controls on the 
following psychometric variables not included 
among the Alzheimer-related variables: DifferTap, 
PPVT, WAIS-R similarities, and Memsent (ranging 
from p < 0.05 to 0.001). (The mean raw diagnostic 
group scores and the results of the t test compar- 
isons without Bonferroni correction between the DS 
and control groups on the Alzheimer-related vari- 
ables and on other psychometric variables are in 
table 1, filed with the National Auxiliary Publica- 
tions Service [NAPS]; see Note at end of article.) 

A stepwise logistic regression analysis on 
Alzheimer-related variables revealed that the short 
delayed savings score from the CVLT-C was the 
variable that best discriminated between DS sub- 
jects and controls (p < 0.005, x 2 = 9.30), in that it 
was the only variable to show a group difference suf- 
ficient to enter the model. Among all psychometric 
variables, the short delayed savings score was the 
only variable to be significantly (r = -0.544, p < 
0.02) inversely correlated with age in the DS group 
but not in the controls (see table 2, filed with NAPS). 
The control group showed either no correlation or 
significant positive correlations of Alzheimer-related 
variables with age (Logical Memory IIA, r = 0.847, p 
< 0.05, and Logical Memory IIB, r = 0.822, p < 
0.025). Furthermore, unlike the DS group, the con- 
trol group showed a significant positive correlation 
(ranging from an r = 0.691, p < 0.05, to r = 0.862, p < 
0.01) of Logical Memory IA and IB subtests and 
WAIS-R Comprehension, Information, and Vocabu- 
lary subtests, and a trend for a positive correlation 
of the Picture Completion subtest (r = 0.640) with 
age (see table 2, filed with NAPS). 

Segregation of DS subjects into memory-im- 
paired and memory -nonimpaired groups. Perfor- 
mance on the short delayed savings score was cho- 
sen as the cognitive measure to theoretically clas- 
sify the DS subjects into a demented ( a memory-im- 



234 NEUROLOGY 44 February 1994 



paired") or nondemented ("memory-nonimpaired") 
category since this variable was found to be (1) the 
only age-dependent variable in the DS subjects 
among more than 25 dependent variables, (2) not 
age-dependent in controls, (3) the variable that best 
discriminated DS from controls based on stepwise 
logistic regression analysis, and (4) a sensitive cog- 
nitive marker for early dementia in AD patients. 

The memory-impaired DS subjects were defined 
as those with a short delayed savings score of zero 
(no retention after a short delay), whereas the 
memory-nonimpaired DS subjects had short de- 
layed savings scores of greater than zero (ranging 
from 67% to 167%). The range of this savings score 
among the controls was 27% to 100%. Since one DS 
subject failed to recall any items on trial 5, the data 
for this subject were excluded in subsequent analy- 
ses involving the two DS subgroups. A fairly even 
distribution of subjects was observed among the 
three diagnostic groups: controls (N = 7), memory- 
impaired (N = 7) and memory-nonimpaired DS (N 
= 8) groups. The term "memory-nonimpaired" is 
relative in this context in that the memory-nonim- 
paired DS and the control groups were not signifi- 
cantly different in their mean short delayed sav- 
ings scores (77.4 ± 7.5 for the memory-nonimpaired 
DS group and 110.36 ± 14.6 for the control group). 

The two DS subgroups did not differ in mean Full 
Scale IQ (54.3 ± 1.9 for the memory-impaired and 
57.1 ± 2.9 for the nonimpaired group), Performance 
IQ (61.7 ± 1.8 for the memory-impaired and 62.3 ± 
2.9 for the nonimpaired), or Verbal IQ (54.4 ± 1.7 for 
the memory-impaired and 57.1 ± 2.4 for the nonim- 
paired). However, the memory-impaired DS subjects 
were significantly (p < 0.01, t = 3.016, df= 13) older 
than the memory-nonimpaired DS subjects (mean 
ages, 38.6 ± 3.8 years for the memory-impaired and 
27.9 ± 1.4 years for the nonimpaired). Although the 
control group had a mean age (28.9 ± 2.8 years) sim- 
ilar to that of the memory-nonimpaired group, it did 
not differ significantly from either DS subgroup. 

Comparisons between memory -impaired and 
memory-nonimpaired DS groups and controls on 
various measures of cognitive performance. Com- 
parisons (using ANOVA) among the three diagnos- 
tic groups on various psychometric measures re- 
vealed main effects among the three groups for 
most of those variables in which significant differ- 
ences existed between the controls and the entire 
DS group (see table 1, filed with NAPS). The 
Alzheimer-related variables showing diagnostic 
group differences included the short delayed sav- 
ings score (p < 0.001), long delayed savings score (p 
< 0.01), false positives (p < 0.025), and VRIAD (p < 
0.05). Other Alzheimer-related variables, such as 
intrusions (FAS, and short and long cued) failed to 
show significant diagnostic group differences. In 
addition, a significant group effect was observed for 
three other measures of memory function, short 
free recall (p < 0.001), long free recall (p < 0.05), 
and Memsent (p < 0.025), and for a psychomotor 
measure, DifferTap (p < 0.025). BNT, PPVT, and 



the WAIS-R similarities subtest showed trends for 
diagnostic group effects (p < 0.075, F = 2.94). 

Post hoc t tests were performed on those vari- 
ables showing significant diagnostic group effects by 
ANOVA. Memory-nonimpaired DS subjects failed to 
differ significantly from the control subjects on al- 
most all the variables. In contrast, the memory-im- 
paired DS group was significantly worse than con- 
trol subjects on the following variables: short and 
long delayed savings score (p < 0.001), short (p < 
0.001) and long (p < 0.05) free recall, false positives 
(p < 0.05), VRIAD (p < 0.05), Memsent (p < 0.01), 
and DifferTap (p < 0.01) (table 1, filed with NAPS). 
The magnitude of impairment exhibited by the 
memory-impaired DS group tended to be greater 
than that of the memory-nonimpaired DS subjects 
on several variables. However, only the short (p < 
0.001) and long (p < 0.025) delayed savings scores 
and short free recall (p < 0.001) showed significant 
differences between the two DS subgroups. 

Correlation of neuropsychometric measures with 
age in memory-impaired DS, memory-nonimpaired 
DS, and controls. Since the DS group as a whole 
failed to show significant correlations with age on 
any variable while the controls showed positive cor- 
relations, it was hypothesized that the memory-im- 
paired subgroup included in the larger DS cohort was 
masking age effects that might exist in the memory- 
nonimpaired DS. If this were the case, nonimpaired 
DS would be expected to show correlations similar to 
those observed in the controls (ie, improvement of 
WAIS-R verbal subtests with age) while memory-im- 
paired DS would be expected to show no correlation 
or a decline in performance with age. Pearson prod- 
uct-moment correlations of several variables with 
age for the three diagnostic groups are shown in fig- 
ures 1 through 3. (Pearson product-moment correla- 
tions for Alzheimer-related variables, WAIS-R sub- 
tests, and other psychometric variables are shown for 
all diagnostic groups in table 2, filed with NAPS.) 

Segregation of the DS groups into memory-im- 
paired and nonimpaired subgroups revealed that 
the nonimpaired DS subgroup showed significant 
positive correlations or trends for positive correla- 
tions between age and various WAIS-R verbal sub- 
tests (ranging from r = 0.645 to 0.735, p < 0.05 to 
0.025) and" tests of memory (Logical Memory IB, r = 
0.640, p < 0.05), similar to those of the controls 
(ranging from r = 0.691 to 0.862, p < 0.05 to 0.01 for 
WAIS-R verbal subtests, and ranging from r = 0.780 
to 0.861, p < 0.05 to 0.01 for all four Logical Memory 
subtests). In contrast, the memory-impaired DS 
group failed to show improvement in cognitive func- 
tion with age on any of the variables. Instead, the 
memory-impaired DS subgroup showed a signifi- 
cant decline, or trend for a decline (ranging from r = 
-0.668 to -0.835, p < 0.05 to 0.01), in cognitive per- 
formance with advancing age on a number of mea- 
sures. These measures included several Alzheimer- 
related variables, other m asures of memory func- 
tion (Logical Memory subtests, trial 1-5 recall, list B 
recall), and nonmemory variables including the 
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Figure 1. Correlations of age with performance on the 
WAIS-R subtests; Information (open circle), Vocabulary 
(triangles), and Comprehension (closed circles) for each 
diagnostic group: (A) controls, (B) memory -nonimpaired 
Down's, and (C) memory-impaired Down's. 



WAIS-R Block Design subtest and Finger Tapping 
(for Tap NonDom and Tap Dom, see figure 3; see 
also table 2, filed with NAPS). 

Discussion. In the present study, the short delayed 
savings score (obtained from the CVLT-C), a sensi- 
tive cognitive marker for early DAT in AD pa- 
tients, 12 * 15 (1) declined with advancing age in the DS 
group but not in the controls, and (2) discriminated 
DS from controls based on stepwise logistic regres- 
sion analysis. Other psychometric measures, which 
reveal impairment in the later stages of DAT, 14 such 
as false positives, intrusion errors, and performance 
on the BNT, failed to show sufficient impairment in 
DS compared with controls to enter into the step- 
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Figure 2. Correlations of age with immediate Logical 
Memory recall (closed circles) and delayed Logical 
Memory recall (open circles) of part B of the Wechsler 
Memory Scale-Revised for each diagnostic group: (A) 
controls, (B) memory -nonimpaired Down's, and (C) 
memory-impaired Down's, 



wise regression analysis model. When separate 
comparisons were made for each cognitive variable, 
several variables, such as intrusion errors, revealed 
greater impairment in the DS group than in the 
controls but failed to decline with advancing age 
among the DS subjects. Intrusion errors occur in a 
variety of neurologic conditions 28 in addition to AD, 
and may reflect a more static memory deficit that 
antedates the onset of more progressive changtes of 
dementia (as seen in older DS adults), such as a de- 
cline in the savings score, A decline in short delayed 
free recall performance with age was not observed 
among the DS group, perhaps due to a floor effect 
on this memory function. 

There are a number of caveats in the present 
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Figure 3. Correlations with age of Finger Tapping (the 
sum of finger tapping of the dominant and nondominant 
hands) for each diagnostic group: control (open circles) 
and memory -nonimpaired Down's (closed circles) subjects 
in (A) and memory-impaired Down's subjects in (B). 



study. First, since DS subjects with severe cogni- 
tive impairment could not participate in the neuro- 
psychological testing, the results of the present 
study apply only to a subpopulation of DS. Second, 
some of the results of the present study are re- 
ported without Bonferroni correction. Third, the 
study lacked a longitudinal design, which would be 
necessary to demonstrate a progressive decline of 
cognitive function among the memory-impaired DS 
subjects. However, a sensitive marker for DAT 1215 
was employed and revealed an age-dependent de- 
cline in performance among DS subjects but not 
controls, who were within the age range in which 
the rate of appearance of AD neuropathology in DS 
is predicted to be greatest- 
Impairments in several aspects of verbal func- 
tion, such as performance on the PPVT, are present 
in DS subjects compared with controls of similar 
overall intelligence and age, 1617 and were also ob- 
served in the present study. Impairment of verbal 



skills appears to precede the development of de- 
mentia in DS, since it occurs during childhood 
years. 16 Consistent with these observations, the DS 
adults of the present study failed to show an age- 
dependent decline in performance on the PPVT. 
Other measures of verbal abilities also failed to dis- 
criminate DS from controls or failed to show an 
age-dependent decline among the DS subjects. Fur- 
thermore, the memory-impaired DS group failed to 
show greater impairment in nonmemory verbal 
tests than did the controls or the memory-nonim- 
paired DS group. Therefore, nonmemory verbal 
tests did not appear to be sensitive in detecting 
early dementia among DS adults in the present 
study. Non-DS AD patients generally show impair- 
ment on nonmemory verbal tests to a greater ex- 
tent in advanced rather than early stages of DAT. 14 

If the short delayed savings score is a sensitive 
marker of early dementia in DS, then DS subjects 
identified as memory-impaired based on their short 
delayed savings score performance might also ex- 
hibit a decline in performance on other cognitive 
functions with age. Indeed, a decline in performance 
on a number of psychometric variables with increas- 
ing age that failed to exist for the entire DS group 
was unmasked among the memory-impaired DS 
subjects but not among the nonimpaired DS subjects 
or controls. Similarities in verbal and nonverbal lev- 
els of intelligence of these two DS subgroups suggest 
that any differences between the DS subgroups can- 
not be attributed simply to a lower baseline level of 
intelligence among the memory-impaired group. 
Furthermore, the short delayed savings score, which 
was used to identify the memory-impaired DS sub- 
jects, did not correlate with WAIS-R verbal (r = 
0.238) or performance (r = 0.102) IQ scores but in- 
stead correlated with age, which is consistent with 
the age-dependent development of dementia. 

Because the memory-impaired DS group was sig- 
nificantly older than the memory-nonimpaired 
group, differences between these two DS subgroups 
might be attributed to age effects rather than to the 
development of dementia. However, since the short 
delayed savings score is sensitive in detecting early 
DAT in AD patients 215 and it declined with advanc- 
ing age among DS adults, then it appears that this 
savings score is reflecting memory deficits associated 
with itementia in DS adults who are known to be de- 
veloping AD neuropathology, rather than reflecting 
aging. In the present study, the savings score does 
not decline with advancing age among healthy el- 
derly subjects 29 nor among the non-DS developmen- 
tal^ disabled subjects, in contrast to DS subjects. 
Furthermore, an age-dependent decline of Logical 
Memory performanc , associated with DAT in the 
non-DS population, was observed among the mem- 
ory-impaired nonelderly DS but not among the con- 
trols in the present study nor among the nongeriatric 
(ages 20 to 59) non-DS adults of previous studies.* 1 
Thus, it appears that differences in cognitive deficits 
among memory-impaired and nonimpaired DS can- 
not be sufficiently explained by age effects alone. 
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An acceleration of neurodegenerative pathology 
associated with aging might explain the age-depen- 
dent decline of performance on nonverbal subtests 
of the WAIS-R or Finger Tapping on the Halstead- 
Reitan within the "impaired" subgroup of DS, since 
these tests are reported to decline with age in the 
healthy population. 31 Based on numerous reports of 
the premature onset of a variety of age-dependent 
phenomena and diseases,* 32 " 34 acceleration of aging 
in DS is believed to exist. 

The results of the present study are consistent 
with the presence of early dementia among DS 
adults, some of whom are younger than -4Q -years, 
and who are within the age range in which the rate 
of appearance of AD neuropathology is known to be 
greatest. 2 However, a longitudinal reexamination 
of the subjects in the present study is required to 
confirm this hypothesis. Utilization of measures of 
subtle aspects of memory function, such as the 
short delayed savings score, should be considered 
for future studies that attempt to categorize adults 
with DS into demented and nondemented groups, 
particularly studies examining potential biochemi- 
cal correlates of dementia in this population. 

Note. Readers can obtain tables 1 and 2 (4 pages) from the National 
Auxiliary Publications Service, c/o Microfiche Publications, P.O. Box 
3513, Grand Central Station, New York, NY, 10163-3513. Request 
document no. 05082. Remit with your order (not under separate cover), in 
US funds only, $7.75 for photocopies or $4.00 for microfiche. Outside the 
United States and Canada, add postage of $4.50 for the first 20 pages and 
$1.00 for each 10 pages of material thereafter, or $1.75 for the first 
microfiche and $.50 for each fiche thereafter. There is a $15,00 invoicing 
charge on all orders filled before payment. 
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Mild cognitive impairment (MCI) is a condition with a high conversion 
rate to Alzheimer's disease (AD), which justifies early diagnostic and 
therapeutic interventions. At the moment, treatment strategies for AD 
could be extrapolated to interventional strategies in MCI. This article 
reviews currently available symptomatic treatments with 
acetylcholinesterase inhibitors, putative treatments such as 
antiglutamatergic drugs, nootropics, antioxidants, anti-inflammatory 
drugs and still controversial estrogen replacement therapy, and visionary 
treatments targeting neuropathological substrates of the disease, such as 
amyloid production and aggregation, phosphorylation of tau, formation 
of neurofibrillary tangles and apoptosis. Findings from epidemiological 
studies have expanded our knowledge on risk as well as possible 
neuroprotective factors and given means to develop preventive strategies 
with antihyperlipidaemic drugs such as statins. A wide range of 
suggested treatments and their possible combinations necessitate their 
efficacy assessment in well-designed randomized clinical trials where the 
crucial prerequisites are selection of the treatment population and 
definitions of outcome measures. Prevention and disease-modifying 
strategies are raising ethical questions because interventions are focused 
on nondiseased elderly at risk, which means that emphasis should be not 
only on efficacy but also on long-term safety. 
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Previous articles in this Supplement have reviewed 
evidence that mild cognitive impairment (MCI) is 
a preclinical dementia based on epidemiological, 
clinical and neuroimaging studies. However, 
depending on various terms used for defining MCI 
as discussed in a paper by Palmer et al. ( 1 ), a 
certain proportion of these subjects also remain 
cogniti vely stable for a longer period of time or even 
improve. Is it therefore plausible to discuss the 
treatment of MCI with these methodological and 
diagnostic dilemmas in mind? Is the goal of this 
treatment to improve cognitive functioning or to 
delay or prevent the development of Alzheimer's 
disease (AD), or both? What are the therapeutic 
options for these individuals at the moment? What 
does the future promise? How can we evaluate the 
efficacy of these interventions in subjects at risk, but 
still without manifest disease? Using various defini- 
tions of MC I and various instruments to detect MCI 
will clearly affect the results of clinical trials in MCI. 



Should we consider other possible outcomes 
and not only AD? Alternatively, should universal 
neuroprotective interventions at this stage overcome 
this conventional clinicopathological approach to 
different dementia syndromes? 

This article discusses the rationale and strategies 
of the treatment of MCI. With this aim in mind, we 
review studies on neuropathological findings in 
MCI, briefly present currently accepted concept of 
a pathophysiological cascade leading to cognitive 
impairment and dementia, and discuss possible 
targets for interventions, both symptomatic and 
disease modifying. 

We have integrated articles available in PubMed 
satisfying evidence class I and II, which show major 
research directions in the field of treatment ot 
dementia, namely AD therefore, these could be 
extrapolated to interventional strategies in MCI. 
The current article is not meant to be a detailed 
review of this field but, rather, a summary &vd a 
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point of departure for the broader medical audience 
for further search and discussions on this topic. 

Neuropathology of MCI: rationale for treatment 

Several clinicopathological correlative studies sup- 
port the construct validity of the MCI concept 
(2-5). They all agreed that individuals scoring 0.5 
on the Clinical Dementia Rating (CDR) scale had 
enough pathology in the brain to satisfy the AD 
diagnosis, which suggests that, at the time when 
dementia is not fully clinically expressed, the 
disease already exists at the histopathological 
level. In 10 autopsied subjects with 'questionable' 
dementia, Morris et al. (2) reported the presence of 
histopathological markers of AD in the neocortex: 
neurofibrillary tangles (NFT) and high total plaque 
density with a preponderance of the diffuse plaque 
subtype. None of the four control subjects in this 
study, with ages in the range 76-89 years, had 
enough NFT and neuritic plaques (NP) to establish 
an AD diagnosis. A number of studies investigated 
neuronal numbers in vulnerable structures such as 
the hippocampus and entorhinal cortex, and they 
showed severe neuron loss in the brain of MCI 
subjects (CDR 0.5) in layers II and IV of the 



entorhinal cortex in particular (3, 4). The study 
of Price et al. (5) also focused on cell loss in the 
brains of 13 healthy nondemented persons: four 
preclinical AD cases rated as CDR 0, and eight 
very mild AD cases rated as CDR 0/0.5 or 0.5. 
Although preclinical AD cases in this study had 
substantial numbers of plaques and tangles, they 
did not differ from healthy nondemented cases in 
the volume and number of neurons in the entorh- 
inal cortex and the hippocampal CA1 field. These 
findings indicate that the pathophysiological pro- 
cess leading to AD is active in the very early 
preclinical stage, but still does not cause significant 
neuronal degeneration and death. In the future, if 
biological markers or instrumental investigations 
specific and sensitive for this very early stage of the 
disease become available, then the disease-modify- 
ing interventions targeting pathological substrates 
could be applied in this ideal therapeutic window 
that precedes irreparable neuronal loss and death. 

Pathophysiological cascade leading to cognitive 
impairment 

Our current understanding of the pathophysiolog- 
ical processes leading to AD is a complex cascade of 
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Figure I. Pathogenesis of Alzheimer's disease: cascade of molecular events and "complex network of interactions among aging- 
related processes, genetic and environmental risk factors and neuronal repair and compensation mechanisms. 
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events at the molecular level (Fig. 1). Aging, which 
is the major risk factor for dementia, sets the stage 
for the compromised homeostasis of calcium, 
mitochondrial energy, and free radical production 
(6). These aging-related processes in combination 
with major genetic risk factors (namely amyloid 
precursor protein (APP) and presenilin mutations) 
lead to synaptic damage, neurodegeneration and 
neuronal death through oxidative stress, the conse- 
quences of which are neurotransmitter deficits, 
microglial activation and inflammatory responses. 
Two major pathological lesions characterizing AD 
are products of this chain of events: NP and NFT. 
The neuritic plaques are extracellular deposits 
comprising a core of aggregated (i-amyloid (A(i) 
surrounded by degenerating neurites, activated 
microglia and reactive astrocytes, while NFT are 
intraneural deposits of hyperphosphorylated micro- 
tubular protein tau> 

At present, available treatments are operative 
at the very end of this cascade of events, focus- 
ing primarily on neurotransmitter substitution 
(Fig. 1). Future therapies will probably act on the 



level of more proximal events and target biological 
substrates of the disease, NFT and NP (7). 



Currently available treatments 

Acetylcholinesterase inhibitors 

The acetylcholinesterase (AChE) inhibitors are 
presently the established treatment strategy in 
Alzheimer's disease and are considered as first 
choice candidates for the treatment of MCI 
(Table I). This intervention is based on the cho- 
linergic hypothesis of AD (8), which is built on the 
findings of cholinergic deafferentation of the cereb- 
ral cortex as a result of the selective loss of 
cholinergic neurons in the basal forebrain (9, 10) 
as well as on the positive effects of double-blind 
placebo-controlled trials of up to 26 weeks duration 
with five AchE inhibitors (11). The most recent 
autopsy-based study reported similar reductions in 
basal forebrain immunoreactive neurons in individ- 
uals with MCI and AD (12). Three acetylcholines- 
terase inhibitors (donepezil, rivastigmine and 



Table 1 Treatment strategies in AD: presently available, putative treatments and future interventions in MCI 



Mode of action 



Type of intervention Symptomatic Disease modifying Prevention 



Currently available 
Cholinergic drugs 
AChE inhibitors (donepezil, rivastigmine, galantamine) 

Putative treatments 
Antiglutamatergic drugs 

NMDA-antagonists (memantine) 
Antioxidants 

E-vitamin 

Ginko bifoba 

MAO inhibitor (selegiline) 
Nootropics, piracetam 
Anti -inflammatory drugs 

NSAID 

C0X-2 inhibitors (celecoxib} 
Hormonal substitution 
Estrogen replacement therapy 

Novel approaches under development 
NGF & neotrophmes 

Idebenone 

ATT-082 

Interventions in p-amyloid processing 

Ap-vaccination (with a nontoxic /nonfibrillar amyloid-p) 

Y secretase inhibitors 

t secretase enhancers 

P secretase inhibitors (BACE 1) 
Interventions in tau-hyperphosphorylation 

Glycogen synthase kinase 3p inhibitors 

Comorbidity treatment, risk factors control 

Antihypertensive therapy 

Statins 

lovastatin. pravastatin 
Vitamin Bl2 & folate supplementation 
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galantamine) are approved and available on the 
market in many countries, while tacrine has become 
obsolete because of its unacceptable side effects. 
Although these drugs differ in their selectivity for 
AChE and in their pharmacokinetics, they appear to 
be similar in their clinical effects (13). Their efficacy 
has been evaluated separately across three key 
domains of AD - cognition, behaviour and activities 
of daily living (ADL) - and short symptomatic 
improvements up to 1 year have been reported (14). 
Possibilities of long-term effects via modification of 
APP metabolism have also been discussed (11) and 
studies designed to measure long-term efficacy of 
AchE inhibitors are ongoing. Large multicentre 
trials are currently in progress, with the aim of 
evaluating whether donepezil (conducted by the 
National Institute on Aging) and rivastigmine 
(Investigation into Delay to Diagnosis of Alz- 
heimer's disease with Exelon, InDDEx) have an 
effect on the conversion rate from MCI to AD (15). 
MCI subjects in the InDDEx study are selected 
according to criteria that include CDR scoring 0.5, 
delayed recall test and exclusion of depression as 
evaluated by the Hamilton depression scale. 

However, recent studies have challenged the 
prospects of AChE inhibitors as a treatment option 
for MCI. Davis et al. (16) reported that cholinergic 
deficits became apparent later during the course of 
AD, and DeKosky et al. (17) observed regionally 
specific uppregulation of choline acetyltransferase 
in MCI subjects. The latter study suggests com- 
pensatory processes in the preclinical phase of the 
disease and suggests limitations of AchE inhibitors 
efficacy at this stage of the disease. 



Putative treatments 

Antiglutamatergic drugs 

One of the causes of neurotoxicity is overactivity 
of the excitatory amino acid glutamate (18). By 
blocking its binding site at N-methyl-D-aspartate 
(NMD A) receptor sites, excitotoxic damage could 
be prevented or ameliorated. NMDA-mediated 
excitotoxicity has been shown to increase tau phos- 
phorylation and, therefore, has been related to the 
formation of NT - one of the major pathological 
substrates of AD (19). Memantine, an NMDA- 
receptor antagonist, has been in clinical use in 
Germany for nearly two decades and was one of the 
first drugs applied in AD. Clinical trials with 
memantine have so far been designed to show symp- 
tomatic effects and two studies have reported its 
efficacy in advanced AD (20, 2 1 ). Preclinical data are 
pointing in favour of possible neuroprotective and, 
therefore, disease-modifying effects; this means that 



high-risk populations such as MCI subjects could 
benefit from this treatment in the future (22, 23). 

Nootropics 

Setting memory enhancement as a therapeutic 
goal has give rise to new interest in nootropic 
agents and piracetam as the most commonly used 
representatives of this class of drugs. Mainly symp- 
tomatic effects could be expected, because possible 
modes of action are nonspecific and include effects 
on energy metabolism, cholinergic mechanisms, 
excitatory amino acid receptor-mediated functions 
and steroid sensitivity (24). Piracetam was used in a 
clinical multicentre, multiphasic, cross-over double- 
blind trial with nondemented patients with memory 
impairment, and positive effects were reported on 
tests of attention and memory (25). Inclusion criteria 
in this study were more lenient than the current 
concept of MCI: patients were included only if they 
had a Hachinski Dementia Score less than 33, Mini- 
Mental State Examination (MMSE) score less than 
30, Hamilton Rating Scale for Depression score less 
than 18, Token Test score more than 28, difficulties 
in concentrating and in the execution of habitual 
daily living occupations or changes in the personal- 
ity or behaviour. A combination of piracetam and 
memory training in patients with age-associated 
memory impairment (AAMI) was also effective in a 
double blind, randomized trial (26). The most recent 
meta-analysis of the clinical efficacy of piracetam in 
cognitive impairment included 19 double blind, 
placebo controlled studies with clinical global 
impression of change as a common outcome meas- 
ure (27). The results of this study demonstrated 
improvement in older subjects with diverse cognitive 
impairment treated with piracetam as compared 
with placebo. To justify a revival of piracetam for 
possible treatment of MCI. more trials are needed 
with more adequate selection of the study group and 
definition of outcome measures. 

Antioxidants 

Oxidative stress has been proposed as a central 
pathogenetic mechanism in various neurodegenera- 
tive diseases, including AD (28-31). Large amounts 
of unsaturated lipids and catecholamines in the 
brain are particularly vulnerable to free radical 
damage. P-protein precursor, Ap, presenilins and 
apolipoprotein E are linked to reactive oxygen 
species (ROS) production and apoptosis In :A J: 
tion, oxidative stress is also recognized as a conu i- 
buting mechanism in atherogenesis (32), which 
increases the risk of cognitive impairment through 
the process of atherosclerosis and thrombosis. 
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A longitudinal population-based study of older 
subjects showed that high plasma levels of lipoper- 
oxidation markers were a significant risk factor for 
cognitive decline during the 4-year follow-up period 
(33). Another study, performed among people aged 
>65 years, found that higher ascorbic acid and 
(J-carotene plasma levels were associated with 
better memory performance (34). These results sug- 
gest an important role of antioxidants in brain aging 
and possible prevention of cognitive impairment 
with dietary measures. However, there are concerns 
that dietary intake does not guarantee central 
availability of the antioxidants. Currently available 
therapies directed towards the reduction of oxida- 
tive stress include the elimination of free radicals 
through interaction with free radical scavengers, and 
prevention or decrease of their production by 
antioxidants (35). Ginko biloba, and vitamins A, C 
and E act as free radical scavengers, while selegiline, 
an MAO inhibitor, reduces free radical formation 
and, thus, represents antioxidants. 

In experimental studies, vitamin E has protected 
hippocampal cells from degeneration following 
cerebral ischaemia (36). In a recent in vitro study, 
lipoperoxides suppressed the nicotinic receptors and 
the suppression induced by AP could be prevented in 
the presence of vitamin E (37). In a clinical study 
where Alzheimer patients received vitamin E 
(2000 IU per day) for 2 years, there was a delay 
until institutionalization or death in the patients 
compared with the placebo group (38). A similar 
effect on the progression of the disease was observed 
in a group of Alzheimer patients treated with the 
monoamine oxidase inhibitor selegiline (35). This 
study included four primary end-ponts: death, 
institutionalization, loss of basic ADL and diagnosis 
of severe dementia and secondary outcome meas- 
ures of cognition, function, behaviour, and the 
presence or absence of extrapyramidal signs. Cog- 
nition was assessed with the cognitive portion of the 
Alzheimer's Disease Assessment Scale (ADAS-cog) 
and the MMSE. Opposite to findings with cholines- 
terase inhibitors (39), no improvement in cognitive 
functioning was observed in patients receiving long- 
term treatment with vitamin E or selegiline (38). 
However, patients in this study were in a moderately 
severe stage of the disease, probably already with 
extensive neurodegeneration and neuronal cell 
death. Future intervention trials should evaluate 
disease-modifying properties of these compounds 
by the inclusion of subjects at risk of developing 
dementia, i.e. those with MCI. In addition, methods 
studying antioxidant exposure through dietary 
intake should be developed and applied on larger 
epidemiological cohorts followed for a longer 
periods of time (40). 



Recently, two independent observational studies 
found an association between dietary intake of 
vitamins E and C and reduced risk of developing 
AD (41, 42). It seems plausible that neuroprotec- 
tive properties of antioxidants are better expressed 
through the long-term exposure via dietary intake, 
which also could have protective effects on other 
comorbid processes such as atherosclerosis, than 
during the short-term clinical trials with high doses 
of supplements. 

Although there is no consensus in the scientific 
community and regulatory bodies on therapeutical 
efficacy of Ginko biloba, it is one of the most used 
antidementia substances, which, for example, in 
Germany holds more than 50% of the market (43). 
Low cost and widely spread belief that phytophar- 
maca are free of side effects are major causes for 
self-medication, which happens on a large scale. 
Therefore, there is a need for more well-designed 
clinical trials with proper choice of outcomes (44). 
Results of a randomized, double blind, placebo 
controlled multicentre trial with the Ginko biloba 
extract have been reported recently (45). They 
indicate a favourable treatment effect with respect 
to cognitive performance and social functioning. 
Relative changes from the baseline measured after 
a 52-week trial duration show improvement in 
patients with mild or very mild cognitive impair- 
ment, while effects in those with more severe 
dementia were understood as stabilization or 
slowing down the progression. 

Anti-inflammatory drugs 

There is increasing evidence that inflammatory 
processes are involved in the pathogenesis of AD 
(46), although there is still some debate as to 
whether they are the primary process causing the 
brain damage or just reaction after another more 
proximal process in the pathogenetic cascade. 
Experimental studies suggest that there is an 
upregulation of inflammatory cytokines and acute 
phase proteins, activation of the complement 
regulatory proteins as well as an accumulation of 
activated microglia (46), which is also revealed at 
autopsy in brains of AD patients in association 
with amyloid plaques. Epidemiological studies 
have reported a reduced prevalence of AD in 
patients with arthritis (47). The finding suggests 
that exposure to anti-inflammatory drugs should, 
to some extent, protect against AD (48). A reduced 
risk of AD has also been observed among a^i.* ^ 
aspirin and other nonsteroidal anti-inflammatory 
drugs (NSAIDs) (49-51). Clinical studies with 
indometacin showed some signs for arrest in 
decline of mental functioning of treated Alzheimer 
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patients (52). Treatment with COX-2 inhibitors 
might be promising, because it has been suggested 
that COX-2, which is expressed in the brain, can be 
involved in response to neurodegenerative stress 
(53). An early initiation of treatment before 
patients develop clinical AD might be crucial 
for the outcome of treatment studies with anti- 
inflammatory drugs. The Alzheimer's Disease 
Anti-inflammatory Prevention Trial (ADAPT) 
with celecoxib, selective COX-2 inhibitor and 
naproxen is ongoing. This study was designed as 
a primary prevention trial in subjects that are at 
increased risk for AD due to their advanced age 
( > 70 years) or family history (54). 

Estrogen replacement therapy (ERT) 

Some epidemiological studies have reported a 
reduced incidence of AD in postmenopausal 
women on ERT (55). However, data from various 
observational studies and clinical trials are still 
inconclusive, possibly because of methodological 
differences (56). Possible beneficial effects of estro- 
gen on cognition have been suggested in several 
studies and specific protective effects have been 
observed in the verbal memory domain (57, 58). Via 
its receptors ERot and ErB, estrogen has been found 
to cause multiple effects in the brain, including the 
activation of nerve growth factors (NGFs), in- 
creased synaptogenesis, modulation of function of 
several neurotransmitters, including acetylcholine, 
serotonin, dopamine, noradrenaline as well as 
increase of cerebral blood flow (59, 60). Because of 
an intrinsic antioxidant activity, as well as a neuro- 
protective effect obtained by promoting the nona- 
myloidgenic P-secretase processing of APP, estrogen 
may play an important role in nerve cell survival 
(60). Therefore, estrogen-like substances might be of 
interest to develop for the treatment of AD, The use 
of estrogen was recently shown to be associated with 
less cognitive decline in women carrying apolipo- 
protein E(APOE)e 4 compared with noncarriers of 
e 4 (61 ). In the first large clinical trial with estrogen 
administered to female Alzheimer patients for 
I year, ERT showed no positive effects (62). A 
recent large population-based study, including over 
100 000 individuals, added to this controversy by 
showing that postmenopausal ERT was not associ- 
ated with a reduced risk of AD (63). However, to 
determine whether ERT has clinically significant 
protective effects and whether benefits outweigh the 
risk, more placebo-controlled studies with large 
sample sizes and well-controlled confounding fac- 
tors are needed. These (preferably multicentre) 
studies should examine effects of different dosages, 
routes of administration, length of treatment, as well 



as possible synergistic effects of combination with 
other preventive therapies. Furthermore, effects of 
newer, more specific selective estrogen modulators 
should be explored and brain imaging should be 
included as a more sensitive outcome measure to 
evaluate treatment effects. 

Visionary interventions 

The ultimate goal of early therapeutical interven- 
tions in individuals at risk of developing dementia 
is to prevent, delay or slow the progression of the 
disease (7). These disease-modifying effects could 
be expected only if more proximal and central 
events in the pathogenetic cascade and their 
substrates are ameliorated, such as amyloid pro- 
duction and aggregation, phosphorylation of tau, 
formation of NFT, and apoptosis (Table 1). 

Targeting neuropathologies! substrates 

According to the amyloid cascade hypothesis, 
reduction of Ap production could be achieved by 
the inhibition of two key enzymes, which play a role 
in the cleavage of toxic Ap fragment and its 
deposition in the form of plaques. Difluoroketone 
inhibitors of gamma-secretase have now been 
synthesized and are approaching clinical testing 

(64) . An APP-specific P-secretase (BACE for beta- 
site APP-cleaving enzyme) might be another prom- 
ising target for the development of Alzheimer drugs 

(65) . Inhibitors of Ap aggregation, such as beta 
sheet breakers, will probably reach the clinic 
within a few years. However, the amyloid cascade 
hypothesis has been challenged recently, because 
APP transgenic animals develop behavioural 
abnormalities before extensive amyloid deposition 
occurs (66). These findings are also in line with 
earlier studies that reported that the extent and dis- 
tribution of neurofibrillary changes better correl- 
ated with disease severity than amyloidosis (67. 68). 

Immunization therapy has offered an opportunity 
to test the validity of the amyloid cascade hypothesis 
and whether accumulation of amyloid is critical for 
cognitive deficits in AD. It is based on findings of 
Schenk et al. (69) that, after immunization with the 
Ab42 fragment of APP, cerebral amyloidosis was 
largely prevented in transgenic mice with an over- 
expression of a mutant form of human APP. The 
first clinical trial involving the vaccination of AD 
patients had to be stopped in Phase II. because of 
observed unacceptable side effects related to r>ra»r> 
inflammation and oedema in some patients. Al- 
though the trial has been suspended, the concept has 
not yet been abandoned. There are already reports 
that immunization with a nontoxic, nonfibrillar Ap 
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derivative reduces AD pathology in transgenic mice 
without causing inflammation (70). 

Most recently, the discovery of a new small- 
molecule drug that interferes with the serum 
amyloid P component (SAP) has been announced 
(71). SAP binds to amyloid deposits, promotes 
their aggregation, stabilizes them and protects 
from degradation. If this drug proves in the future 
to inhibit or reverse amyloid fibilogenesis, having 
the additional advantage of being nontoxic and well 
tolerated, it will give hope not only to the patients 
with system amyloidosis but also to those at risk of 
developing AD. 

Although our current understanding of the 
pathophysoiology of AD puts amyloid deposition 
before tau in the cascade of neuronal damage, 
intervention in tau hyperphosphorylation should 
not be disregarded. Possibilities to block hyper- 
phosphorylation of tau are through inhibition of 
glycogen synthase 3-(J (GSK 3-p) and cyclin- 
dependent kinase 5 (CDK-5) (Table I). 

Regulation of neuronal plasticity 

Neuroplasticity failure has been proposed as a 
theory to unify the link between amyloid aggrega- 
tion and NFT formation (72), which raises the 
consequent dilemma of which of these pathological 
substrates to target with future therapies. It is 
hypothesized that multiple factors increase the 
neuroplasticity burden, which initially causes adap- 
tive upregulation of tau phosphorylation and APP 
turnover, and triggers plaque and NFT formation. 
For this reason, interventions in p-amyloid pro- 
cessing and tau-hyperphosphorilation might not be 
successful according to our expectations. 

NGF and neurotrophines are alternative neuro- 
protective approaches still under development, 
which promise to regulate neuronal plasticity by 
controlling neurotransmission, connectivity, and 
neuritic outgrowth. The hypothesis behind the 
intervention with NGF is based on findings that 
NGF acts as a strong neurotrophic factor for the 
basal forebrain cholinergic neurons (73) and ameli- 
orated learning and memory impairment in rats 
with basal forebrain lesions. There are already some 
empirical data on NGF application in humans. 
Intraventricular administration of NGF to three 
Alzheimer patients for 3 months showed an in- 
crease in nicotinic receptor binding measured by 
PET, while a clear-cut cognitive amelioration could 
not be shown (74). The dose infused intraventricu- 
lar^ to Alzheimer patients was similar to the NGF 
dose earlier infused intraputaminally to patients 
with Parkinson's disease (75). However, in Alzhei- 
mer patients, it caused pain and weight loss (74). 



Histopathological studies have described dystro- 
phic neuronal growth in AD brains, which is most 
probably a compensatory mechanism of neuronal 
reorganization that leads to the aberrant neuronal 
repair (76). Therefore, a strategy of system appli- 
cation of neurotrophic factors seems to have a 
conflict within a concept per se and requires more 
knowledge about processes that induce and control 
neuronal repair. This implies that alternative ad- 
ministration routes should be explored, other than 
invasive intraventricular infusion with unaccepta- 
ble side-effects. Gene therapy enables NGF delivery 
in a highly specific spatial fashion to the most 
vulnerable brain regions, i.e. transplantation of 
fibroblasts modified to secrete NGF into the basal 
forebrain (77), a treatment already applied a year 
ago in an AD patient. 

These invasive methods are still far from clinical 
application and they will be reserved for the 
individuals at highest risk of developing the 
disease. Neotrophines are orally active NGF 
stimulators and therefore more preferable. Their 
efficacy should be further explored in combination 
with other available noninvasive pharmacother- 
apies mentioned in this article. 

Treating comorbidity, controlling risk factors 

Clinical expression of dementia is supposedly deter- 
mined, on the one hand, by a balance among 
genetically determined disease processes, aging- 
related cognitive decline, environmental risk factors 
and comorbidity and, on the other hand, by neur- 
onal repair and compensation mechanisms (Fig. 1). 

Identification of risk factors and expanded know- 
ledge on their interactions may, in the future, explain 
the heterogeneity of the MCI population in terms of 
its clinical presentation and natural history. This 
will also initiate thinking about new therapeutical 
approaches and various neuroprotective strategies. 

The presence of vascular risk factors during 
midlife in a large longitudinal population-based 
study was related to late-life MCI (78). This study 
showed that individuals with raised systolic blood 
pressure or high serum cholesterol concentrations 
had significantly higher risk of developing AD in 
later life (79). Another study reported a significantly 
increased risk of MCI in subjects with elevated 
midlife diastolic blood pressure, white matter hyper- 
intensities (WMH) and the presence of apolipopro- 
tein E4 genotype (80). Because vascular disease is an 
important contributor to dementia development, 
identification and control of treatable vascular 
risk factors in asymptomatic subjeqts as well as in 
those with MCI could delay clinical expression of 
dementia. It has been suggested in the large 
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community-based population of the Kungsholmen 
project that antihypertensive medication with diu- 
retics protects against dementia in elderly persons by 
a 40% reduction in relative risk (81). Another study 
from the same cohort found a significant association 
between incident AD and low serum levels of 
vitamin B 12 and folate (82). A report that increased 
serum homocysteine - a marker of vitamin B12 and 
folate deficiency - is an independent predictor of 
cognitive decline in healthy elderly subjects further 
supports these findings (83). It has been proposed 
that oxidative stress impairs the metabolism of 
homocysteine and that, under these conditions, only 
particular forms of vitamin B12 supplements, such 
as glutathionylcobalamin, could be beneficial as a 
prevention strategy (84). 

Recently, three retrospective epidemiological 
studies have raised a lot of interest by showing that 
statins, i.e. cholesterol-lowering agents, decreased 
the risk of developing AD by 70% (85-87). Fur- 
thermore, an observational study of 1037 postmen- 
opausal women with coronary heart disease 
reported that high levels of low-density lipoprotein 
(LDL) and total cholesterol were associated with 
cognitive impairment (88). A population-based 
autopsy series of 218 Japanese American men 
found a strong dose-response association of late- 
life high-density lipoprotein (HDL) cholesterol with 
the number of NP and NFT (89). Increased plasma 
cholesterol may be associated with an increase in the 
rate of Ap production, an increase in the level of 
APOE and. consequently, an increase in NP forma- 
tion (90). Comparison of statin users with nonusers 
showed that the users had a higher mean score on the 
modified MMSE (87). Interestingly, these findings 
seemed to be independent of lipid values. The 
protective mechanism of statins probably acts 
beyond the lowering of lipids and possibly is 
mediated via effects on microvasculature and 
cerebral blood flow. 

Interventions beyond pharmacotherapy 

Scientific topics and latest findings are becoming 
available to the general public through new infor" 
mation media, often causing increased anxiety to 
individuals about their current and future health 
status. Consequently, healthcare systems will have 
to cope with well-informed and 'well-worried' older 
people searching for reassurance or optimal inter- 
ventions regarding their memory loss. Do we have 
evidence-based recommendations for a life style 
that could be a primary prevention for dementia? 
Epidemiological studies have shown that extensive 
social network and participation in cognitively 
stimulating activities are associated with a reduced 



risk of AD (91-93). The frequency of cognitive 
activity was not only associated with the baseline 
level of cognition, but also with the rate of 
cognitive decline (93). It is therefore possible that 
emotional and mental stimulation in elderly people 
could delay the clinical manifestation of the 
disease. Could it be possible to design cognitive 
training for individuals at risk? Very few studies 
have addressed this problem, which lies in the 
borderline zone between cognitive science and 
neuropsychology of aging. The most recent study 
designed as a randomized clinical trial evaluated 
effects of multifaceted memory enhancement and 
relaxation training for older adults with MCI (94). 

At the 6-month follow-up, trained individuals 
had significantly better memory appraisals and 
showed a trend toward better word list recall than 
did controls. There is a need to further develop 
these programmes and test their efficacy in MCI 
individuals alone or in combination with other 
available treatments. Furthermore, establishing the 
range and limits of this cognitive reserve capacity 
in the elderly by means of such training could 
become a new diagnostic strategy for the early 
identification of AD (95). 

Evaluation of treatment efficacy in MCI 

A wide range of suggested treatments and their 
possible combinations necessitate their efficacy 
assessment in well-designed randomized clinical 
trials. The crucial prerequisites are the selection of 
the treatment population and the definitions of 
outcome measures. Selection criteria should be 
enriched with knowledge concerning the power of 
various neuropsychological, genetic and laboratory 
tests in predicting conversion to dementia, i.e. AD. 
Outcome measures should cover key domains of 
disease phenomenology, be sensitive to detect 
clinically meaningful change in early stages of the 
disease, and be user friendly in clinical and drua-trial 
settings (Table 2). 

Recently, a modified version of the cognitive 
subscale of the ADAS-Cog, which includes.tests of 
delayed recall and executive functioning, has been 
developed to increase the usefulness of this scale in 
short-term trials with MCI patients (96). Because 
there is a possibility of learning effects, there should 
be alternative cognitive measures developed for 
repeated testing. Clinical rating scales, CDR and 
GDS, which function as global severity measures, 
have been criticized for their lack of sensirivir ! "- 
the very early and late stages of the disease. 
However, CDR suffers less from this criticism and 
still remains in use among other selection criteria in 
drug trials. Secondary outcome measures s! . ' i 



90 



Treatment of mild c gnitive impairment 



Table 2 Outcome measures related t 


o key symptom domains and neuropatho- 


logical features in AO* 




Aspect 


Outcome measure 


Cognition 


ADAS-Uog [moaiTieaj 


rviiviOL 


ADL 


ADCS/AuL 




DAD 




PDS 


Behaviour 


NPI 




RF HAVE- AD 


Global function 


flDIP nine 




MU-lbll 








GBS 


Atrophy 


MTL volumetry 


CSF markers 


Tau protein 




p-amyloid 




Oxidation products? 




inflammatory markers? 



•Modified from 144). 

ADAS-Cog, Alzheimer's Disease Assessment Scale-cognitive subscale; MMSE. Mini 
Mental State Exam; ADCS/ADL. Alzheimer's Disease Co-operative Study /Activ- 
ities of Daily Living; DAD, Disability Assessment for Dementia; PDS. Progressive 
Deterioration Scale; NPI, Neuropsychiatry Inventory; BEHAVE-AD. Behavioral 
Pathology in Alzheimer's Disease Rating Scale; CIBIC-plus. Clinician's Interview- 
Based Impression of Change - plus caregiver input; MCI-CGIC. Mild Cognitive 
Impairment - Clinician's Interview-Based Impression of Change; CDR, Clinical 
Dementia Rating; GBS, Gottfries-BrSne-Steen scale; MTL medial temporal lobe. 

include change in biological markers of the disease, 
i.e. biochemical or neuroimaging, reflecting modifi- 
cation in a key pathological feature of the disease. 
Since disease modification is the preferential treat- 
ment goal in MCI, survival design is the optimal trial 
design because, as a result, it gives time to reach a 
clinical milestone like conversion from MCI to 
dementia. Placebo controls are becoming obsolete 
due to ethical reasons, and active-control designs in 
AD should be used to demonstrate eventual superi- 
ority of a new drug to standard drugs (96). 

Summarizing remarks 

MCI is a condition with high conversion rate 
to dementia, i.e. AD, which justifies early diagnostic 
and therapeutic interventions. Symptomatic treat- 
ment will have limited success in early stages of the 
disease, because it cannot reverse the already exist- 
ing disease process and neuropathological changes 
in the brain. Disease-modifying strategies are de- 
rived from two sources: knowledge about molecular 
pathogenesis of the disease and epidemiology. New 
insights into the molecular pathogenesis recognize 
amyloid, tau and oxidative stress as the main targets 
for the intervention, while findings from epidemio- 
logical studies expand our knowledge on risk as well 
as possible neuroprotective factors. Current thera- 
peutic strategies for MCI are based on those for AD, 
although MCI can have differential outcomes. 



Prevention and disease modifying strategies are 
raising ethical questions because interventions are 
focused on nondiseased elderly at risk. Therefore, 
emphasis should be not only on efficacy but also on 
long-term safety. 
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